INTRODUCTION
"Simple" neural circuits, whether created by evolution or tissue culture, have provided a wealth of information on cellular and molecular interactions in development. In a complex system, these mechanisms can provide reasonable a posteriori explanatory hypotheses for a given morphogenetic event, but they are insufficient to predict the outcomes of normal, and even less abnormal development. Thus (Table 1) were injected with ibo (1-2.5/1; 30/g//zl in 0.1 M phosphate buffer pH 7.4) on postnatal days (pd) [2] [3] (day of birth pd 0) and killed either on pd 3-4 or 8-9.5 or 11-27; they were used to study the short-term consequences of the ibo injections.
IBO 73 and 75 received one [3H]thymidine injection each (2.5 mCi), respectively 12 h and 24 h after the ibo injection.
The 9 kittens in the second group (Table 2) were injected with ibo (2-2.5 1; 30/g//zl) on pd 1-3 and killed on pd 31-199; these kittens were used to study the long-term effects of the ibo injections.
The 9 kittens in the third group (Table 3) were injected with ibo on pd 2, 3 Abbreviations as in Tables 1 and 2 . Asterisks denote doses which provoked lesion. In IBO 93 and 95 APV and ibo were injected together in the right hemisphere; ibo alone was injected in the left hemisphere. In all other animals ibo was injected in the right hemisphere. Several of these animals also received injections of axonal tracers in areas A1 and A2 of the right hemisphere. (Fig. 6 ). The severity of the lesion increases towards the center of the injection.
Near the lesion center, the cortex is 500 700 thick. Below layer I, typically two cell layers can be recognized (Fig. 7) . The outer layer consists of small, round cell bodies (grains), the inner layer of small and medium-size pyramids. These two layers resemble layers II and III of the surrounding intact cortex and are indeed continuous with them; they are, however, considerably thicker than these layers or the corresponding layers in the intact hemisphere (Fig. 7, A,B; Fig. 8 (Fig. 7, C) Probably, the experimental cortical networks which result from these manipulations will provide useful models for the study of structural functional relations in the adult and cell-cell interactions in development only if they can be characterized in detail and reliably reproduced. This perspective, in addition to the hope of gaining a better understanding of the mechanisms responsible for the formation of cortical connections justified the present detailed description of the structural development of cerebral cortex after neonatal injection of ibotenic acid, as well as further studies of the connections and functional properties of such a cortex/1,21L
The effects of ibotenic acid on the developing visual cortex Ibo/12/is an excitotoxin ]53/which we chose as a tool for destroying the neocortical neurons but not the axons afferent to them. Kainie acid has similar neurotoxic "axon sparing" properties in the adult nervous system/9/and also in some immature brain structures/6,7/, but did not show neurotoxicity in two preliminary experiments in which it was delivered in 1 2 injections of 0.6 1 each (4/zg//zl) in the lateral and postlateral gyri of pd 3 kittens. We succeeded in destroying immature cortical neurons with ibo and at least some of the axons were spared. Electron-microscopically, apparently intact axons were found in the injured cortex 24 hours after it had been injected with ibo. Some of these axons may belong to the local intact neurons. Others may be afterents and may be the source of the synapses occasionally found on intact neurons. Twenty-four hours after an ibo injection, and a simultaneous WGA-HRP injection in the contralateral hemisphere, anterogradely labeled axons can be seen at the ibo-injected site/21/.
In the developing nervous system, as in the adult nervous system, the excitotoxic action of ibo seems to be mediated by the NMDA receptor (see ref./59/for discussion). As in the striaturn of 7 day old rats/59/, the neurotoxicity was blocked in both a 3 day and a 6 day old kitten by a NMDA receptor antagonist. Why the activation of the NMDA receptor by ibo kills the neuron is unclear, but ii) Although all post-migratory neurons seem to be affected by ibo, they may differ in their sensitivity to it. Indeed, at increasing distance from the center of injection the lesion becomes confined to progressively deeper layers; furthermore layer V seems to be affected further away from the injection than layer VI. Since, as discussed above, the latest generated neurons destined to the superficial layers seem insensitive to the neurotoxin, the sensitivity to ibo might develop gradually and with an inside-out order, roughly corresponding to that of neuronal generation. Fig. 14 Therefore, the loss of the deep layei's may not be a sufficient condition for the development of abnormal convolutions. However, the model predicts that the "convolutional wavelength" in the microgyric cortex should tend to be proportional to the thickness of the cortex. To some extent this seems also to be the case in the ibo-injured cortex, since in the animals injected on pd 6, where the thinning of the cortex is greater than in animals injected earlier, the tendency to the formation of abnormal cortical folding is also greater.
Little or no abnormal folding but severe thinning of the cortex is found in human ulegyria /4,42/. Fig. 15 illustrates the similarity between ulegyria and the lesions provoked in the cat cortex by ibo injections towards the end of neuronal migration (e.g. Fig. 6, D and 13, C) . The ulegyric cortex in this case is a thin neuronal layer continuing layer III of the normal cortex. At the transition with the normal cortex, layer VI reappears before layers V and IV.
The pathogenesis of human microgyria may be similar to that of ibo lesions. In both conditions, the cause seems to act before the end of neuronal migration /11,39/. An experimental 
